Background. Antibodies directed against alloantigens are implicated in the pathogenesis of several immune reactions complicating transplantation, including humoral rejection after solid organ transplantation. Mesenchymal stem cells (MSCs) have immunomodulatory capacity, since in vivo they may prolong skin graft survival in the animal model and can rescue patients with life-threatening graft-versus-host disease. Methods. To investigate whether MSCs exert an inhibitory effect on antibody production during allostimulation, we stimulated peripheral blood mononuclear cells, obtained from healthy controls or sensitized patients undergoing dialysis for end-stage renal failure, in mixed lymphocyte culture (MLC), and evaluated immunoglobulin production either in the absence or in the presence of third-party allogeneic MSCs. We also evaluated the effect of MSCs on Bcell allostimulation performed adding to MLC a polyclonal stimulus delivered by an agonist anti-CD40 monoclonal antibody. Results. We found that the addition of MSCs at the beginning of MLC considerably inhibited immunoglobulin production in standard MLC, irrespective of the MSC dose employed. Conversely, immunoglobulin secretion induced by direct CD40-CD40L binding was not significantly inhibited. Furthermore, we demonstrated, in one sensitized patient, that secretion of donor-specific anti-HLA class I antibodies detected both in baseline serum and in the supernatant of control MLC was inhibited by the addition of MSCs. Mechanistically, the addition of MSCs induced a striking decrease of IL-5 production in the cultures. Conclusions. Our findings suggest that third-party MSC are able to suppress allo-specific antibody production Correspondence and offprint requests to:
Introduction
Antibodies directed against alloantigens are implicated in the pathogenesis of several immune reactions complicating transplantation. In particular, in solid organ transplant (SOT) recipients, the role of humoral immunity in acute and chronic rejection has been highlighted by the recent histological characterization of antibody-mediated rejection and by the detection of donor-reactive antibodies with sensitive techniques [1, 2] . In this latter setting, in an effort to expand the donor pool, trials of allograft transplantation across the HLA barrier have employed desensitization strategies, including the use of plasmapheresis, intravenous immunoglobulins, anti-B-cell monoclonal antibodies and splenectomy, associated with high-intensity immunosuppressive regimens [3] [4] [5] . These measures have proven only partially successful in preventing or treating humoral rejection in high-risk patients, while causing a significant increase in the risk of severe infectious complications occurring after transplantation. Thus, the development of new therapeutic tools able to blunt alloantibody production would be a welcome complementation to existing protocols.
Mesenchymal stem cells (MSCs) play a central role in the development and differentiation of the lymphohematopoietic system [6, 7] . Infusion of ex vivo expanded human MSCs demonstrated that both recipient-and donor-derived human MSCs can facilitate haematopoietic recovery in the setting of both autologous and allogeneic HSCT [8] .
MSCs not only have a favourable effect on engraftment of haematopoietic progenitors, but also display immunoregulatory activities. Several in vitro studies have demonstrated Mesenchymal stem cells inhibit alloantibody production 1197 the ability of MSCs to modulate T-cell-mediated immune response. We and others have shown that MSCs can inhibit T-cell proliferation and cytotoxicity directed towards alloantigens, as well as alloantigen-induced dendritic cell (DC) differentiation [9] [10] [11] [12] . Moreover, treatment with MSCs may resolve steroid-resistant graft-vs-host disease in humans [13] . It has been recently suggested that MSCs may promote the emergence of CD4+/CD25+ regulatory T cells in vitro [12] , and, in the context of solid organ transplant, MSCs were shown to prolong skin graft survival in a primate model [13] . Further rationale for the use of MSCs in SOT trials could derive from the demonstration that MSCs are capable of modulating B-cell alloresponses.
Few studies have analysed the effects of MSCs on B-cell function [14] [15] [16] [17] [18] , and data regarding the modulatory effects of MSCs on alloantigen-specific humoral response in humans are lacking. To verify whether MSCs exert an inhibitory effect on antibody production during allostimulation, we devised an in vitro system for immunoglobulin (Ig) production during mixed lymphocyte culture (MLC), and evaluated the impact of third-party MSC addition on the resulting antibody response.
Materials and methods

Cell harvesting
Peripheral blood samples were collected from five highly sensitized children with end-stage renal failure receiving dialysis whilst awaiting kidney transplantation, and 10 healthy adult controls. Patients' parents and healthy controls provided their informed, written consent to be included in the study. Human MSCs were obtained from bone marrow (BM) samples of healthy subjects donating to a sibling for allogeneic HSCT, after obtaining written informed consent from donors or their legal guardians. Peripheral blood mononuclear cells (PBMCs) were obtained by Ficoll-Hypaque density gradient from heparinized samples.
The Institutional Review Board of the Pediatric Hematology/Oncology Unit, Fondazione IRCCS Policlinico San Matteo, Pavia approved the protocol.
Ex vivo culture of human MSCs
MSCs were expanded from BM mononuclear cells using a previously reported method [12] . Briefly, mononuclear cells were seeded at a density of 10 6 cells/ml in 75 cm 2 flasks (Corning-Costar, Celbio, Milano, Italy) in MesenCult medium with MSC-supplements (Stem Cell Technologies, Vancouver, Canada) and incubated at 37
• C in 5% humidified CO 2 atmosphere. After 24 h, non-adherent cells were discarded, fresh medium was added and half the medium replaced twice a week. When cultures reached more than 90% confluence, adherent cells were detached with 0.05% trypsin (Euroclone, Wetherby, West York, UK), washed twice with complete medium, counted and re-plated at a concentration of 5 × 10 5 cells per flask for the next passage. Cultured MSCs, isolated after either the second or the third passage, included a single-phenotype population, as defined by flow cytometry, positive for CD29, CD44, CD73, CD90, CD105, CD166, CD13 and HLA-class I molecules and negative for CD45, CD31, CD34, CD14, HLA-DR, CD80 and CD86 antigens. The adipogenic and osteogenic differentiation capacity of MSCs were determined as previously described [12] . Briefly, to detect the osteogenic differentiation, cells were stained for alkaline phosphatase (AP) activity using Fast Blue (Sigma-Aldrich) and for calcium depositions with Alzarin Red (Sigma-Aldrich). Adipogenic differentiation was evaluated through the morphological appearance of fat droplets with Oil Red O (Sigma-Aldrich).
In vitro Ig production
Spontaneous and allo-stimulated in vitro Ig production was evaluated according to the following method. B-cell enrichment of responder PBMC was obtained, after removal of monocytes by cell adherence, through partial depletion of CD4+ and depletion of CD8+ T cells by selection with magnetic microspheres coated with anti-CD4 and anti-CD8 mAbs (MACS, Miltenyi Biotec GmbH, BergischGladbach, Germany), according to manufacturer's instructions. The responder cell population obtained included a mean 46.5 (95% CI 30-62) CD3+ cells, of which 43% (95% CI 32-53) were CD4+ and 1% (95% CI 0.2-1.2) CD8+, 43.5% CD3-/CD56+ NK cells, 0.7% (95% CI 0.1-2) CD14+ cells, and 9.9% (95% CI 4.6-15) CD19+/ CD20+ B cells.
Responder cells (1 × 10 5 ) were stimulated in MLC with 1 × 10 5 irradiated (3000 cGy) stimulator PBMC (either a pool of allogeneic PBMC derived from healthy subjects HLA-disparate with the controls, or a pool of stimulator PBMC bearing HLA antigens recognized by patient's alloantibodies found to be positive at the cross-match test) to reach a final volume of 200 µl/well in 96-well plates. A total of 5 × 10 4 irradiated autologous feeder PBMC, derived from the discarded fractions after magnetic microsphere separation, were also added to the cultures. We also investigated a condition in which a polyclonal stimulus through the use of agonist anti-CD40 mAb and recombinant human (rh)IL-10 was added to B-cell allostimulation in MLC [19] . MLC were plated in the absence (ctrl-MLC) or presence (MSC-MLC) of third party MSCs at the two responder:MSC ratios of 4:1 and 20:1. In some experiments, we added the condition where MSC were not added directly to the cultures, but plated on transwell permeable supports (Corning Costar, Corning, NY, USA), in order to allow soluble factor transit in the absence of direct contact between MSC and other cellular subsets. The third party MSCs employed were obtained from three different donors. In each experiment, MSCs from a single donor, according to availability, were employed.
Control cultures included wells with responders alone, stimulators and feeders alone, and irradiated responder cells in the presence of irradiated stimulators and autologous feeders. All cultures were performed in Iscove's medium, supplemented with 5 µg/ml bovine insulin, 0.5% bovine serum albumin, 2 µg/ml ethanolamine, 20 mM HEPES buffer (all from Sigma-Aldrich, St. Louis, MO, USA), 50 µg/ml gentamycin, 2 mM L-glutamine and 5% heat-inactivated fetal-bovine serum (all from Gibco, Life Technologies Ltd, Paisley, UK). All experiments were run in 10 replicates. Supernatants were harvested after 10-day incubation at 37
• C in humidified 5% CO 2 atmosphere.
Supernatant Ig and cytokine quantification
Human IgG (hIgG), hIgM and hIgA concentration in the supernatants was determined by an enzyme-linked immunosorbent assay (ELISA) technique, as previously described [19] . In brief, microtiter plates (Greiner Bio-One, Frickenhausen, Germany) were coated with rabbit antihIgG, anti-hIgM and anti-hIgA antibodies (Dako, Glostrup, Denmark) by incubating for 3 h at 37
• C and then overnight at 4
• C. The following day, diluted supernatants were plated, and incubated for 2 h at 37
• C. Subsequently, rabbit antihIgG, or anti-hIgM, or anti-hIgA antibodies conjugated to horseradish peroxidase (Dako) were added. The concentration of each isotype was extrapolated from the standard curve included in each plate. Ig concentration was expressed as µg/ml. Intra-and inter-assay variability, calculated as coefficient of variation, was always <10%.
IL-4, IL-5, IL-6, IL-10, IL-12 and transforming-growth factor β (TGFβ) concentrations in the MLC supernatant were quantified by ELISA using monoclonal antibody pairs (Pierce Endogen, Rockford, IL, USA). Plates were coated with purified antibodies at the appropriate concentrations. Standard curves were prepared with recombinant human cytokine (Pierce Endogen). Biotin-labeled antibodies (Pierce Endogen) were added and HRP-conjugated streptavidine (Pierce Endogen) was used to develop the reactions. Plates were read at 450 nm (Titertek Plus MS 212M).
Antibody-dependent cellular cytotoxicity (ADCC) assay
Specific alloantibody content was evaluated through an ADCC assay, performed according to a previously published method [20] . Plasma or MLC supernatants from sensitized patients or plasma from randomly selected healthy donors were tested. Target cells consisted of PHA blasts bearing HLA class I antigens recognized by patient's alloantibodies found reactive at the cross-match test. PBMC from randomly selected healthy donors were employed as effectors. In detail, 5 × 10 5 target cells were labeled with 51 Cr by overnight incubation. Cells were washed three times, re-suspended in RPMI medium, and 50 µl cell suspension/well was plated in U-bottom 96-well plates. Fifty microlitres plasma or supernatant were added to each well and left for 30 min at 37
• C. Final plasma concentrations for the assay were 1:4, 1:10, 1:100, 1:1000 and 1:10 000. Supernatant was used undiluted, reaching a final concentration of 1:4. After extensive washing, effector cells were added to the test at an effector:target ratio of 100:1 and 30:1 in 100 µl RPMI for sample count, while 100 µl RPMI alone or 100 µl triton solution were added for spontaneous release and maximum release counts, respectively. All conditions were plated in triplicate. Cytotoxic activity was measured as previously described [12] . Spontaneous release from the target cells was consistently less than 25%. Results were expressed as % specific lysis.
Statistical analysis
Data were expressed as mean ± SD or median and range, as appropriate. The Wilcoxon test for matched samples was employed to compare groups. A P-value <0.05 was considered to be statistically significant. Statistical analysis was performed using the SAS System (SAS, Cary, NC, USA).
Results
Effects of MSCs on Ig production
Previously published reports suggested that, in human in vitro models, MSC-mediated inhibition of both T lymphocyte proliferation and cytotoxicity induced by allogeneic stimulus as well as B lymphocyte proliferation and Ig production in response to polyclonal stimulation is dosedependent, and maximal at a 1:1 responder (R):MSC ratio [12, 17] . In particular, at R:MSC ratios lower than 2:1, the inhibitory effect of MSC on purified B-cell function resulted undetectable [17, 18] . While these data were obtained with purified B cells, we decided to evaluate the effects of MSCs on alloantigen-induced Ig production through a more physiological experimental system where T-helper effect on B-cell function is maintained. Thus, we chose to employ an in vitro system of non-purified PBMC responders at a responder (R):MSC ratio of 4:1. We focused on B-cell differentiation to Ig-producing cells rather than proliferation, since in a mixed T/B cell system, the effective role of MSCs on specific subset proliferation may result difficult to un-ambiguously dissect.
In a first set of experiments, we determined whether we could detect Ig production following stimulation of B cell enriched PBMC (mean % CD19+ B cells at baseline: 4.2 ± 2.6; mean% CD19+ B cells after enrichment: 9.9 ± 6.2), obtained from ten healthy controls and five sensitized patients with end-stage renal failure, in a one-way MLC. We found that MLC stimulation was able to induce production of IgG, IgA and IgM in all ten healthy controls and in four out of the five patients (mean values of controls: IgG 1583 ng/ml, range 140-4100; IgA 1902 ng/ml, range 70-4500; IgM 1167 ng/ml, range 65-2403; mean values of patients: IgG 866 ng/ml, range 126-1400 ng/ml; IgA 135 ng/ml, range 85-215 and IgM 240 ng/ml, range 187-294) (Figure 1) . In one patient, the pooled allogeneic stimulator PBMC selected were not able to induce antibody production (IgG 5.9; IgA 5.1; IgM 10.7). Responders alone, irradiated stimulators and feeders alone, or irradiated responders in the presence of irradiated stimulators and autologous feeders showed minimal Ig production (Figure 1 ). Addition of MSC at a 4:1 R:MSC ratio induced a marked inhibition of Ig production, with reduced IgG secretion (median folddecrease: controls, 7.2, range 1.2-43; patients, 5, range 1.8-10) (P < 0.001), IgA secretion (median fold-decrease: controls, 3.8, range 1.2-15.8; patients, 3.6, range 1.8-5.6) (P < 0.01), and IgM secretion (median fold-decrease: controls, 17, range 0.5-64; patients, 3.6, range 1.7-4.9) (P < 0.05) (Figure 1) . In order to assess reproducibility of results, we repeated three experiments with the same responder and stimulator pair, in the presence of allogeneic MSCs derived from (a) the same third party individual (interassay In a second set of experiments conducted on a small number of healthy subjects (n = 4), we tested the effect of a lower R:MSC ratio (20:1), that has been reported to have opposing effects on alloreactive T-cell activity inhibition or stimulation in different subjects, and on Ig production in MLC [14] . Ig secretion of control MLC was compared to antibody levels detected in MLC plated in the presence of MSC at the 4:1 and 20:1 ratios. The degree of inhibition of Ig production in the cultures with MSC added at the 20:1 ratio was not statistically different from the inhibition induced by MSC at the 4:1 ratio (Figure 2 ).
MSCs may inhibit production of specific alloantibodies in sensitized patients
To evaluate whether, in sensitized patients, production of specific alloantibodies was inhibited, we elected to employ a functional assay rather than flow cytometry, since the Fig. 3 . Third party MSCs inhibit production of specific alloantibodies in vitro. The presence of specific alloantibodies in sensitized patients' sera or MLC supernatants was evaluated by means of an antibody-dependent cellular cytotoxicity assay. PBMC from third party healthy volunteers were tested in a chromium release assay against PHA blasts bearing HLA class I antigens recognized by alloantibodies detected in the patients' sera, after incubation of the target cells with patient serum (black bars) or with the corresponding supernatants from control MLC (gray bars) or MLC plated in the presence of MSCs (striped bars). Control cytotoxicity on targets not previously incubated with serum or supernatants is also reported (white bars). Results of each experiment represent mean cytotoxicity at a 100:1 E:T ratio. In the left panel, each bar represents the mean cytotoxicity of the three subjects ± standard deviation.
amount of Ig measured in the supernatants by ELISA was at least three log lower than that usually found in sera, and therefore hardly detectable by the standard flow cytometry bead technique employed to measure anti-HLA antibodies.
The ability of sensitized patients' sera to induce killing in an ADCC assay was first analysed. We found that alloantibodies present in patients' sera, collected at the time of MLC experiments, mediated lysis of target cells bearing the corresponding HLA antigens. We then evaluated whether the same alloantibodies were also present in control MLC supernatants at a concentration sufficient to mediate ADCC killing of the same targets. In three of the four evaluable patients, the supernatant from control MLC was not able to mediate sizeable cytotoxicity, likely due to the low concentration of alloantibodies. In one patient, anti-HLA A68 antibodies could be detected in serum at the time of evaluation. Patient lymphocytes were stimulated in MLC with HLA-A68+ PBMC, and the supernatant collected from control MLC was able to induce killing of HLA-A68+ targets. Addition of MSC to the cultures abrogated specific antibody production, as testified to by the observation that supernatant recovered from MSC-MLC did not mediate lysis of HLA-A68+ targets (Figure 3) .
MSC-dependent inhibition of Ig production is mainly exerted through suppression of T-cell help, and is facilitated by contact between MSC and other cellular subsets.
Since our finding of significant Ig production inhibition by MSCs added to the cultures at low R:MSC ratios was apparently in contrast with previous reports [17, 18] , we proceeded to verify whether this difference could be due to the presence of T lymphocytes in our culture system. We, therefore, repeated the previous set of MLC stimulation experiments, including a condition in which MLC was performed in the presence of agonist anti-CD40 mAb and rIL-10, a system described to by-pass T-cell help and induce direct stimulation of memory B-cell pool expansion and Ig production [21] . We observed that, while alloantigen-induced Ig production in a conventional MLC was significantly suppressed by MSCs added at a 4:1 R:MSC ratio, secretion of IgG, IgA and IgM induced via direct CD40 binding was not significantly inhibited ( Figure 4) . These results suggest that suppression of Ig production mediated by MSCs takes place at a step that precedes T-cell help through CD154-CD40 binding between T and B cells.
In order to gain mechanistic insight into the phenomenon, we determined whether MSC-mediated inhibition of Ig production was maintained if MSCs were separated from the other cellular components of MLC by means of a permeable support that allowed diffusion of soluble factors in the absence of direct contact. We found that Ig secretion was impaired also in the transwell culture condition, although inhibition, in contrast with what is observed if MSCs were added directly to the MLC, was not statistically significant ( Figure 5 ). We then measured the levels of cytokines possibly influencing Ig secretion in the supernatants collected at the end of culture. After 10-day MSC culture, TGFβ, and IL-6 but no IL-4, IL-5, IL-10 or IL-12 were detected in the supernatant. During control MLC, TGFβ, IL-5, IL-6 and IL-10 were variably secreted, while neither IL-4 nor IL-12 was measurable. In the presence of MSC, we observed a marked increase in the levels of IL-6 and TGFβ, and a slight increase in the levels of IL-10 ( Figure 6 ). The effect of MSCs on production of TGFβ was almost abrogated in the transwell culture system, while no significant difference was observed for IL-6 or IL-10 secretion, indicating that MSC need cell contact in order to influence TGFβ production in MLC. Interestingly, MSC, either added directly or plated in transwells, completely abrogated IL-5 production in the MLC supernatant ( Figure 6 ).
Discussion
In this paper, we have examined the effect of human MSC on Ig production stimulated by alloantigens in an in vitro model of PBMC cultivated in MLC. We show that, in this model, MSC added at both R:MSC ratios of 1:4 and 1:20 exert a potent inhibitory effect on IgG, IgA and IgM secretion. This effect is largely dependent on a suppressive activity involving a step that precedes expansion of memory B-cell pool induced by CD154-CD40 binding. Moreover, notwithstanding the low antibody concentrations in MLC supernatants compared with sera, we were able to show that, at least in one sensitized patient, secretion of donor-specific anti-HLA antibodies detected in baseline serum and in the supernatant of control MLC was inhibited by addition of MSC.
Our data are consistent with the findings of B-cell inhibition reported in animal models [15, 16] , and may also be reconciled with previous observations in humans. In detail, a paper demonstrated MSC-mediated inhibition of human B-cell proliferation and antibody production in vitro after polyclonal stimulation [17] , while another report showed no MSC effect on proliferation of purified B-lymphocytes after exposure to a combination of allogeneic antigen-presenting cells and CpG [18] . Differently from our in vitro PBMC model, those studies employed purified B cells, and could therefore only evaluate the direct effect of MSCs on B-cell function, which was mainly evident at the highest R:MSC ratio of 1:1. At lower concentrations, MSCs do not exhibit direct activity, and suppression of B-cell function may be visible only in the presence of T cells, as in our study, or upon addition of exogenous IFNγ to the purified B-cell culture, as in the report by Krampera et al. [18] . In a recent study that utilized a model of bacterial/viral antigen stimulation of PBMC, Rasmussen et al. demonstrated that MSC-dependent inhibition of antibody secretion in human B cells is directly correlated to the strength of the baseline stimulus [22] . These data are in agreement with our finding, giving the fact that allostimulation in our model was a strong inducer of Ig production. However, from the analysis of available data, it can be hypothesized that MSC-mediated inhibition of B lymphocyte function is predominantly due to the effect of T-cell help suppression rather than to a direct effect on B lymphocytes, given the observation that Ig production is not inhibited by MSC when CD40 engagement is obtained by agonist anti-CD40L antibody rather than by the direct help of T cells. 6 . Effect of MSC co-culture on cytokine secretion in a MLC. PBMC from four of the 10 healthy controls were stimulated in MLC with (black bars) or without (white bars) third party MSCs (R:MSC ratio 4:1), added directly to the cultures or plated on transwell supports (gray bars). Supernatants were collected at the end of the culture period and analysed for the various secreted factors by ELISA. Bars represent cytokine levels (pg/ml) from the four independent experiments reported also in Figure 4 . Since measurable levels of TGFβ could be dosed in the culture media, TGFβ values reported were subtracted of the culture media background.
In our culture system, inhibition of Ig secretion is maintained if MSCs are separated from the other components of MLC by a permeable membrane support, this indicating that secreted factors play a relevant role in the immunomodulatory activity. However, the inhibitory effect is greater when MSCs are directly in contact with immune cells, suggesting that cell-cell contact facilitates immunomodulation exerted by MSCs. It has been proposed that MSCs may interact with T cells by inducing a Th1 to Th2 shift, with increased secretion of anti-inflammatory cytokines, among which IL-4 [11] . Given the expected increased levels of IL-4, together with the marked increase of IL-6, in T-cell-MSC co-cultures, one would predict induction of activated B-cells differentiation into Ig-secreting cells. Thus, the observed blunted Ig secretion in the presence of MSCs must be due to an alternative effect exerted on B cells. In this regard, the increased TGFβ levels observed in MLC after addition of MSCs might have counteracted the activity of IL-6. Moreover, it was recently demonstrated that the immunomodulatory effects of MSCs may be partly mediated by secretion of prostaglandin E2 (PGE 2 ) [11] . PGE 2 was shown to inhibit antigen-specific human T-cell responses, and in particular, together with a reduced secretion of IL-2 and IFNγ, the production of IL-4 and IL-5 [23] . Indeed, in our in vitro MLC system, we observed that the addition of MSC induced a striking decrease of IL-5 invariably found in the control MLC cultures. Thus, in our in vitro MLC model of Ig production, the inhibitory effect of PGE 2 on IL-5, and possibly IL-4 (undetectable at the end of our control MLC cultures), may have been prevalent on the increased IL-4 production observed when MSCs were interacting with T cells in a Th2-inducing condition culture system [11] . In addition to the mechanism proposed, MSCs may also modulate T-cell dependent B-cell responses through inhibition of antigen-presenting cell function [11, 12, 24] , induction of regulatory CD25+/CD4+ T cells [11, 12] , or induction of apoptosis in activated T cells through the conversion of tryptophan into kynurenine by indoleamine 2,3-dioxygenase (IDO) expressed on MSC [25] .
Following allostimulation, Ig were secreted in large amounts in our in vitro system, with healthy controls showing higher production compared with end-stage renal failure patients undergoing dialysis. This observation was unexpected, since in the case of healthy controls the only previous encounter with alloantigens might have occurred as a result of pregnancy or transfusion. It has been described that alloimmunization by pregnancy or transfusion results in production of multiple antibodies rather than a monospecific response towards disparities, and that some of these responses are cross-reactive [26] . Therefore, it is conceivable that the robust antibody secretion induced in vitro by allostimulation includes Ig with multiple specificities, and among those, in addition to alloantibodies, also antibodies directed against nominal antigens. Notwithstanding the state of general immunosuppression described for dialyzed patients [27] , likely responsible for the lower Ig production after stimulation in MLC, differences between patients and controls were markedly reduced when Ig production was induced via direct CD40 binding. These data suggest that, in dialyzed patients, T-cell or DC compartments may be more compromised than T-independent B-cell function.
The results of this study, if confirmed through further in vitro studies and in animal models, could support the use of MSCs, possibly in association with other strategies, to modulate B-cell alloreactivity.
